Small radiation detectors based on HgI2, bismuth germanate (BGO), plastic, or NaI(TQ) detector materials were evaluated for use in small, lightweight radiation monitors. The two denser materials, HgI2 and BGO, had poor resolution at low-energy and thus performed less well than NaI(TQ) in detecting low-energy gamma rays from bare, enriched uranium. The plastic scintillator, a Compton recoil detector, also performed less well at low gammaray energy. Two small NaI(TQ) detectors were suitable for detecting bare uranium and shielded plutonium. One became part of a new lightweight hand-held monitor and the other found use as a pole-mounted detector for monitoring hard-to-reach locations.
Introduction
Intelligent, hand-held radiation monitors are battery-powered instruments that comprise radiation detectors, signal-conditioning electronics, discrete-component or microprocessor decision circuits, and communicating devices. The purpose of the monitors is to detect local increases in ambient radiation intensity. The monitors determine an alarm level from ambient background intensity and then, as the operator moves the monitor about, they compare present radiation intensity to the alarm level. Response to a significant increase in radiation intensity is an audible sound.
Intelligent monitors were developed to free operators from having to watch and interpret an analog or digital display so that they can visually conduct a search. Intelligent, hand-held monitors permit even unskilled operators to conduct highly effective searches for low-intensity radioactive objects that may be unauthorized materials, lost radioactive items, slightly contaminated objects, radio--active waste leakage, and hold-up material in radioactive process lines. Although the operators must be instructed to look in the proper places, they need In fact, the audible false alarms assure the operator that the monitor is operating with an appropriate stored background. At each counting position, the gross count during that counting interval is a mean value for calculating the Poisson probability, Pdi, of exceeding the alarm level. From each detection probability, Pdi, the miss probability, 1 -Pdi, at each point is determined. The product of the miss probabilities for the entire scan determines the overall detection probability, PD, as follows. bThese PMTs are mounted on the edge of the scintillator.
and has inherently poor low-energy response. 2 Plastic requires a large area to compensate for its poor low-energy detection efficiency and the large area permits it to perform very well at the higher energies characteristic of shielded plutonium. On the other hand NaI(TI) has good resolution and good performance for the bare materials, even with 1-cm-diam PNTs. NaI(TI) also detects the shielded plutonium well when the detector has adequate thickness, 2.5 cm or so. Our first application of alternate detectors made use of the last two entries in Table II . which are 2.5-cm-thick NaI(TI) cylinders. 5-and 2.5-cm long.
The longer of the two alternate detectors performed about as well as the original heavy detector but weighed half as much. We combined this detector with a high-voltage supply that provides individual dynode voltages and needs no power-consuming voltage divider (Fig. 1) . Low power CMOS electronics further reduced the power requirement to a total of 11 mA for the entire instrument. A lightweight. 242-g. rechargable battery pack can supply sufficient energy for 45 h of operation. The entire hand-held monitor (Fig. 2) called a Programmable Rate Monitor4 weighs only 1115 g compared to 1955 g for a typical commercial version of our original hand-held monitor.
A second detector, the last entry in Table II , was applied to searching areas normally out of a person's reach. The light weight (335 g) of the packaged 2.5-cm-diam by 2.5-cm-thick detector and its high-voltage power supply made it ideal for mounting on the end of a pole. Low-voltage power and signal wires along the pole lead to the monitor's instrument case near the operator (Fig. 3) . Operating this type of monitor is much like operating any other hand-held monitor, but manipulating the long pole can be tiring. The lightweight detector helps reduce the operator's effort and makes overhead monitoring more practical. 
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None of the alternative detectors with l-cm-diam PMTs have yet been incorporated in instruments. The smaller forms of the flapjack have lower sensitivity for detecting shielded plutonium. A slightly thicker scintillator might improve sensitivity but would also make a 2.5-cm-diam photomultiplier more appropriate. At present, the first applications of scintillators with the smaller PMTs will probably be in small instruments for characterizing the ambient radiation from the environment at monitoring locations. In this application, monitor size and weight is important to ease transport while high detector efficiency is important to quickly determine background. The combination of requirements can easily be met by an instrument having a small NaI(TI) scintillator and 1-cm photomultiplier.
EquiPment Manufacturers
The equipment used for this study was 
